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Analysis of the effects of shaft length increases on the ball impact point 

Background 



This concept for a new approach to club design has been created because of the significant advances in 
the key components of golf clubs. These advances are primarily in the areas of shaft materials and 
designs, and in the advances in the materials and designs of the club heads. The club shaft industry has 
been producing shafts that are continually getting lighter in weight, and yet still providing torque values 
comparable to steel. Torque is the resistance of the shaft to twisting moments when impacting the ball. 
Strong shafts are now available that weigh 48 to 69 grams, which is about two ounces. This is about half 
the weight of a steel shaft. The shafts are also now being designed with large butt diameters, which allow 
lighter weight wrap grips to be used. This allows another 35 to 40 grams of weight to be removed, which is 
about another ounce and a half saved over prior club designs. 

Club head materials are also evolving, with the advent of the use of titanium, which is lighter and yet as 
strong as steel. This has led to the design of club heads, especially wood heads, with larger volumes. 
These heads are dimensionally larger than the classic persimmon and early stainless steel heads, while 
still preserving the head weight of the earlier designs. There has also been a move towards use of 
composite materials, such as combinations of titanium and stainless, titanium and aluminum, and recently 
to ceramic/metal combinations for wood heads, and also for iron heads. This is due in some part to try to 
beat the increased expense for titanium heads, which has raised the price of clubs dramatically over the 
past several years. The state of the art in driver head design is now a head which has a volume of 250 to 
350 cc, and yet still weighs about 200 grams. 

All these developments have led to the major clubmakers selling drivers that are now 45 inches in length 
versus the old standard of 43 inches. This length increase has been achieved with a club weight decrease 
of about two or more ounces. This has been touted as the way for all golfers to increase their length off 
the tee, which is a key selling point. In order to keep the ball flight under control with these longer clubs 
the designers have played with the parameters of the heads, i.e., loft, and weight distributions, and with 
the flex points of the shaft designs. However, as I will show in the following analysis, the control of the 
impact point on the club face with longer clubs has not been adequately addressed, and is still a major 
problem for most golfers. I have studied this problem, and have evolved a solution which I will describe 
below. This will be based on varying a fundamental parameter of the club design, the lie angle and 
modifying the club head design to optimize sweet spot hits. 

Approach 

I first saw the phenomena that led me to this analysis and conclusion on the face of an oversized titanium 
driver that I had been using earlier this year. I saw a wear pattern that clearly showed me that the impact 
point on the club face was moving on a path that was perpendicular to the club shaft. This was further 
verified when I got the February 1998 Golfsmith clubmaker's magazine with the results of a test of the 
effect of shaft length on the impact point for the golf ball. My analysis and the conclusions I have reached 
are described below. 

To try to define analytically what is occurring, I analyzed the deviation angle and the offset point motion for 
various shaft lengths. My assumption here is that any golfer's hands remain at the same height for any 
shaft length, since he has a fixed height and arm length. Since the golfer takes essentially the same 
stance each time, his hands remain at the same height. This in turn keeps the butt height of the club shaft 
at the same height for any length shaft. 

This then forces the clubhead to be placed further from the golfer as the shaft length increases, and sets 
the club down with a flatter lie. This is shown in the first graph to be about 1 .5 to 1 .25 degrees flatter lie for 
each inch of added shaft length. 



If the golfer has grooved his swing with the lie of a shorter club, his hands will tend to return to that 
comfortable lie angle with the longer club shaft. This will force a rotation of the shaft downward so that the 
more comfortable upright lie the golfer is used to is achieved. The angle change is so small that the golfer 
cannot perceive it. However, the net result of this rotation is to move the shaft and clubface down and in 
closer to the golfer. This effect is shown below in the second graph. This causes the impact point of the 
ball to go out and higher on the face. This effect was measured and deviation angles and impact points 
plotted for shaft lengths varying from 43 to 47 inches in the data shown in the diagrams following. The 
offset distance perpendicular to the shaft associated with the angle change is shown to be about 1 .2 
inches for each inch change in shaft length. This can cause the impact point to move above the top of the 
face in some cases as shown in the following diagrams. 



Plots of lie angle change and 
impact point movement as a function of shaft length 




shaft length - inches 



Effects of changes in lie angle on impact point 



horizontal movement = shaft length *a*sin(lie angle) 
vertical movement = shaft length*a*cos(lie angle) 

angle a is in radians -for driver, if a is 1.3 degrees, 
shaft length*a is equal to 1 inch, and if lie is 55 deg, 
original shaft horizontal movement is .8 inch, 
veilicalmovemeiu is .59 inch 
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The green circle is the position of the ball, which does not change. At address it is on the face of the 
original club position, but at impact, it is near the top of the clubface. This effect is shown in the test results 
for impact point variation with club shaft length which are described below. 

Another explanation of this effect follows: The movement of the clubhead downward and in toward the 
golfer is explained by assuming that the shaft bows down during the downswing. The lie angle is 
estimated to increase by 1 to 4 degrees during the downward portion of the swing. It is more apparent in 
the long irons and woods than the short irons. Further information on this can be obtained at the following 
internet address: 

http://www.californiagolfcompany.com/ 



This bowing effect will occur somewhere between the grip end and the hosel end of the shaft. If the bend 
is assumed to start at the midpoint of the shaft; on a 45 inch driver, a 4 degrees bow would cause a 



displacement of 1.6 inches at the head. This is severe enough to move the impact point off the top of the 
face as shown in the above diagram. 

The bottom line is that both explanations show the same effect, which will be corrected by the design 
concepts described in this paper. 

In the plots on the following pages, the 43 inch driver shows an excellent dispersion, with all impacts being 
centered slightly above the clubface center. In the other plots, the motion of the clubface down and in is 
clearly shown, with an ellipse around the dispersion, and a locus of points drawn through the center line 
of the ellipse. This locus is perpendicular to the shaft in all cases. This demonstrates the analysis 
described above. Plots for 43, 44 and 45 inch shaft lengths are shown following. 




43 Inch Driver 



The dispersion for the 43 inch shaft is shown to be excellent, with the center of the ellipse being slightly 
above the center of the face. The golfer is a low handicapper, and is clearly comfortable with this club 
length. The he angle is plotted at 55 degrees, which is a mean value for drivers. 



44 Inch Driver 



The ellipse here shows that some of the impacts moved off the top of the clubface. The motion of the 
clubhead is perpendicular to the shaft and carries the head down and in towards the golfer, moving the 
impact point out and up on the face. 



45 Inch Driver 



The impact points here are more dispersed and show more tendency to move off the top of the head. The 
pattern of the motion perpendicular to the shaft is consistent with the results at 44 inches. The same is 
true for the 46 and 47 inch shaft lengths, with dispersions getting larger. 

An approach to provide more consistent ball striking for the longer clubs is shown in the attached pages 
The variable that will have maximum beneficial effect if changed is the lie angle. If this is raised about 1 0 
degrees or more, then the impact point locus perpendicular to the shaft will be moved down towards the 
face centerline, rather than moving off the top of the club as seen in the above clubs. Thus when the 
longer club tends to come down and in toward the golfer, the impact point will move out on the center of 
the face, rather than off the top of the face. This will take advantage of the peripheral weightings of the 
new clubs, and maximize the chances of getting a good shot, even with an off center hit. Additionally, the 
club heads can be designed with a radiused sole, so that the lie angle can be set comfortably by the ' 
golfer . If material is removed from the heel area of the sole, it can be added to the top of the clubhead in 
the toe area. This will optimize the mass distribution around the impact point locus perpendicular to the 
shaft. The effect of the upright lie causing the ball trajectory to be to the left for a right handed golfer is not 
large in a driver with a 9 or 10 degree loft. It is estimated to be 1 .6 degrees for a 10 degree loft and 10 
degrees upright shaft. This can be corrected by designing a slightly open face, or used as an aid to a 
golfer who fades or slices the ball. 

The value of this design concept is to make it possible for longer lighter clubs to be more forgiving if hit off 
the sweet spot. The design will tend to keep the locus of impact points of the ball more on the centerline of 
the face, and help to keep the ball in play. Of course, if the ball is struck in the center of the face on the 
sweet spot, it does not matter what the configuration is. But even Hogan only hit 3 or 4 perfect shots per 
round... 



Earl D. Grim 
February 1998 
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ANALYSIS FOR THE NEW GOLF CLUB DESIGN 



The diagrams below show the basis for the new club design concepts. A right 
handed driver is used in the diagrams. Data was obtained showing the dispersion 
of hits on the club face as the length of the club was increased. 

This shows a consistent result with the impacts being contained in an area which 
was estimated by an ellipse. The key point observed was that the centerline of 
this ellipse is perpendicular to the shaft centerline. In the following diagrams, the 
driver length is 45 inches, which is two inches longer than the standard 43 inch 
driver length. It is observed that this length is becoming standard for the new 
lightweight titanium graphite driver designs. 

The miss pattern indicates that the 45 inch club is harder to control, and the head 
tends to moves down and in towards the golfer, on an arc perpendicular to the 
club shaft. The miss pattern indicates that the club shaft has rotated down about 
3 to 4 degrees around a center at the butt end of the shaft. This result is 
consistent. It can be explained by several theories: 

1 due to centrifugal force tending to straighten out the angle between the 
golfers arms and the club shaft, or 

2. to the fact that the longer length of the club makes the set up lie angle 
flatter for the golfer than for the 43 inch driver. 

As the golfer swings, the club tends to return to the setup lie angle that he 
would have taken with a shorter driver. For a two inch length increase, this angle 
is 3 degrees, which correlates to the observed data. 

In any event, the results are consistent, and some means to correct these 
miss errors is needed. An analysis and proposed solution are presented below. 
This idea has been prototyped, and has been successful in improving the quality 
of driver shots for a range of golfers from scratch to 20 handicaps. 



This first diagram shows the impact data in black, the approximating ellipse and 
its centerline in blue, and the same ellipse rotated so as to stay on the face in 
purple. The new shaft angle to accomplish this rotation is also shown in purple. 

Several drivers have been modified to demonstrate this approach and have been 
successful in Improving driver performance. 




The red line shows the standard shaft lie angle - about 55 degrees 



The miss inriDact area is shown bv the black Dattems. 

The miss area is represented by a blue ellipse. The centerline of this 
ellipse is shown, and it is perpendicular to the shaft centerline 

The new shaft ang'e is derived from the new ellipse location. It is perpendicular to the 
centerline of the new miss ellipse 

The original club design and lie angle led to hits off the top of the face, causing skyed, fat 
shots. These shots will now be hit on the face of the club, since the motion of the club will 
be perpendicular to the shaft centerline. This new design will yield greatly improved shots 
with the new club design, since now the misses will be within the miss ellipse, which is now 
on the club face The effectiveness of this approach has been demonstrated with several 
prototype clubs 



An analysis of the prediction for effectiveness for the new approach for the 
alignment of the shaft and impact ellipse is shown below. 

The grid shows that there is about 15/(15+22) or about 40% of the misses off the 
Hi t The T n w ew geometry with the more upright lie angle brings these misses onto 
the face. This will improve the 40% missed shots made with conventional head 
designs. 
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Analysis of the design of a golf club to optimize trajectory characteristics 

Background 

Tr.is concept for 3 * e.v a;- p? oach to club design has been created because of the significant advances in 
design of the ke y :;>mpo ? ents of golf clubs. These advances are primarily in the areas of shaft materials 
ana deigns anc.-t the advances in the materials and designs of the club heads. The club shaft industry 
has been producing shafts that are continually getting lighter in weight, and yet still providing torque 
values -on-paratD'r to steel T orque is the resistance of the shaft to twisting moments when impacting the 
ball Strong shafc are mow available that weigh 48 to 69 grams, which is about two ounces. This is about 
half the we»gnt of -9 steel shaft The shafts are also now being designed with large butt diameters, which 
allow lighter weigr t -vap j- ps to be used This allows another 35 to 40 grams of weight to be removed, 
vvhiioh is about a r \ ,?he f o -.r-:e and a half saved over prior club designs. 

C'uO heaci materia - jiso evolving with the advent of the use of titanium, which is lighter and yet as 
strong as steel t» v r.^s e- to the design of club heads, especially wood heads, with larger volumes. 
These *:eads are .: r.e* ± o- a ly larger than the classic persimmon and early stainless steel heads, while 
still preserving tr* r-ea* : /e gnt of the earlier designs. There has also been a move towards use of 
composite materia > sue* as combinations of titanium and stainless, titanium and aluminum, and 
recent:, to «;erarr.i meta ..-.lmbmations for wood heads, and also for iron heads. This is due in some part 
tc \r y \i reduce ;re jsec expense for titanium heads, which has raised the price of clubs dramatically 
over srvr pas: sevf.-r V c3^ The state of the art in driver head design is now a head which has a volume 
o f *o <50 cr . r.Q f pt weighs about 200 grams. Proportional improvements have been made in 
the o^nr ....onj ar ■ <.y "eaa designs 

A;: these develop ■ vi rs r ave ;ed to the major clubmakers selling drivers that are now 45 inches in length, 
versus rr-e o>o sts-'-itJ -J; mches This length increase has been achieved with a club weight 
decea-e c? aoor • *- v —.ore ounces This has been touted as the way for all golfers to increase their 
length tff the tee .>n..;r- s a key selling point. In order to keep the ball flight under control with these 
innaer -'urr.s the -j-e'S rave played with the parameters of the heads, i.e., loft, and weight 
:i.*t*s:>.iVi-5. r *-e. points of the shaft designs However, as I will show in the following 

anaus < r.e co^t-: r. f *r e noact point on the club face with longer clubs has not been adequately 
addressed and -s ! :-. ■••.aic problem for most golfers I have studied this problem, and have evolved a 
soil .tc i-h • "Ik ;ieiow This will be based on varying a fundamental parameter of the club 

des ! gn tre ; e 3'v: • = v ' "jurying Ih e club head design to optimize sweet spot hits 

Approach 

! first sfiw 'he pre f -I * r it led me to this analysis and conclusion on the face of an oversized titanium 
dr ve. r t- r : had r— ■» ■ ■ : - a r i«e r this year I saw a wear pattern that clearly showed me that the impact 
no;'ii (>• p :i.,r. ■ * - ••*■ » V ing on a path that was perpendicular to the club shaft. This was further 
ven'.cc ^r *i p-r • . t - -\ :.- 1 598 Goifsmith clubmaker's magazine with the results of a test of the 
e"e . • .en:;* ]r r i.-ipa :t point for the golf ball My analysis and the conclusions I have reached 
3'e :r he«J ivi 

T.;. ir, ■ . t:ef:ne a? j /t. ;a ; ^ //h3t is occurring I analyzed the deviation angle and the offset point motion 
'o' var.; sna*t it-- j ? ? s > assumption here is that any golfer's hands remain at the same height for any 
sr.a* 1 . ie ig!h s.not -. c * a< * f <ed height and arm length Since the golfer takes essentially the same 
stance each time ' -s ha"ds remain at the same height This in turn keeps the butt height of the club 
sha^t a' the same height for any length shaft 

Tr.-s then forzes t ■:i-..bne3d to be placed further from the golfer as the shaft length increases, and sets 
the c''jn aown v«t' j "attc-* lie This is shown in the first graph to be about 1 5 to 1 25 degrees flatter lie 
for eac*« ir ».;r : nf a«: :e« i *hai length The offset distance perpendicular to the shaft associated with the 
angle change isas.i sr-cw. and is about 1 2 inches for each inch change in shaft length. This can 



cause the 'mpact r^a-M ti ^ove above the top of the face in some cases as shown in the following 
analysis 



if tr.e guifer has g\.oved ni*> swing with the lie of a shorter club, his hands will tend to return to that 
comforaDie lie anpe Mr r=e longer shafted club. This will force a rotation of the shaft downward so that 
the more comfor?ar» e '..c«gnt he the golfer is used to occurs. The angle change is so small that the golfer 
cannot perceive n Howeve- me net result of this rotation is to move the shaft and clubface down and in 
cioser to tre golfe^ Tr.is effect is shown below in the second graph. This causes the impact point of the 
ball to go out and r-.gher or, trie face This effect was measured and deviation angles and impact points 
plotted for shaft lengths varying from 43 to 47 inches in the data shown in the diagrams following. The 
baseline impact osTr.b«jt«on data were taken from the Golfsmith Clubmaker's magazine, February 1998. 



Plots of It* angfe change and 
impact point movement as a function of shaft leftgttt 




s haft length - inches 



i i 2 :v . change:* ll'i lie angle OR impact poinl 




rfwizor.ia) mpvcmcis 



Tr,e greer; jircie is *\<r pi <it on of the ball, which does not change At address it is on the face of the 
ong.r.a 1 chjb pos«! r» .it a* impact it is near the top of the clubface. This effect is shown in the test 
results ?iv ..rnpa-.t : >.» t v. ir. 3i. on with club shaft length which are described below. 

Anotr.e' e*piana:i- cif :r > e"ect follows The movement of the clubhead downward and in toward the 
golfer is expiamec :.«> assjnng that the shaft bows down during the downswing. The lie angle is 
est'-ra'ea to m.: r e r ' *o 4 degrees during the downward portion of the swing It is more apparent in 
the u.ir«: iro^s arc if «j :> f 3'i the short irons Further information on this can be obtained at the 

http !l+r*f*i califon .ijnr.i.ifipany com/ 



This bowing effec -/ii' oc : : r somewhere between the grip end and the hosel end of the shaft. If the bend 
is assumed to vjrt 3* :ne midpoint of the shaft, on a 45 inch driver, a 4 degrees bow would cause a 



face a^how^! "3, ^ 1 3 J 6 h63d Th ' S ' S Severe enou 9 h ,0 move the im P act P oint °ff the top of the 

The bottom i.ne « ".at oof explanations show the same effect, which will be corrected or minimized bv 
tne design concei- , < <Jes=.m>?d m this paper 

in tne clots on p* •. ,i, 0 w,. : y pages the 43 inch driver shows an excellent dispersion, with all impacts 
being centered si.;,-*-, anove the clubface center In the other plots, the motion of the clubface down and 
m is clearly showr ,vif 31 ellipse around the dispersion, and a locus of points drawn through the center 
nne of the ellipse r>- ,$ s perpendicular to the shaft in all cases. This demonstrates the analysis 
described above - -ors 'c 43 44 and 45 inch shaft lengths are shown following 




T r c j-:.e'sioo f-v •• t . .1 :• • 5 n 3 f; lS shown t0 be excellent, with the center of the ellipse being slightly 
above :-.e center >■ <- e ?a "he golfer is a low handicapper, and is clearly comfortable with this club 
length The i.e an.jv :s o> )t;ed at 55 degrees which is a mean value for drivers 




44 Inch Driver 



The eik'se he r e - s ?■ r some of the impacts moved off the top of the clubface in the case of the 44 
•ncr, cr.ve; sriaft if '-■«- .-notion of the clubhead is perpendicular to the shaft and carries the head 

dov/r , a-»a .n tow3" T^e iwifer rriovmg the impact point out and up on the face, as was asserted in the 
aoove anai/sis 




r ^-.:-- t j.;t;.. ,ro c c ■ z .f »ch shaft are more dispersed and show more tendency to move off the 
top o- r.e ".eaa T* e ra'ttrip of the motion perpendicular to the shaft is consistent with the results at 44 
inches Tr,e same - :r..e fu' tne 4r5 and 47 inch shaft lengths, with dispersions getting larger. 

An approach to pj-.n-iae f ^c:e consistent ball striking for the longer clubs is shown in the attached pages. 
The two variables 'r.at r.ave maximum beneficial effect if changed are the lie angle, and the weight 
distributor m tr.e .t; "-c-3'i >i the lie angle is raised about 10 degrees or more, then the impact point 
locus perpenctic j - v"ii be rotated down to pass through the face sweet spot, ratherthan 

moving of the \oi ■ r ^ 3> seen m the above Golfsmith plots Thus when the longer club tends to 
come c:o*m ■ and <• '.v/ »• c go^er the impact point will move out through the center of the face, rather 
tha~ o M ir-r to^ " e V* 1 * s combined with the proper weight distribution in the head design, and 
take 3i!-/d'it3ce or ■• ; v per oherai weighting, it will maximize the chances of getting a good shot, 
eve"; c« :h ar off - • nationally the club heads can be designed with a radiused sole, so that the 
i-e angie can be :*r— ifa:jiy ty the golfer With this design, material removed from the heel area of 
the sole can be anaed to tr.e top of the clubhead in the toe area This will optimize the mass distribution 
arounc the impac ; c ,r 't 'ocus perpendicular to the shaft 

if me three chmen> ■ w >a >'^etr> of the ball trajectory coming off the above club face is analyzed, it can 
be see" thai the ■,; »ijr i :r.at *viH result from the club design will cause the ball trajectory for aright 
handeu golfer to o, to r-e .eft of target or conversely, for a left handed golfer to go to the right. The effect 
of the upright he c% .s»rg »he oaii trajectory to be offset is not large in a driver with a 9 or 10 degree loft. It 
is estimated to be ' r oej'ees for a 10 degree face loft and 10 degrees upright shaft. This can be 
corrected Dy desnj :ing a slightly open face e g 1 degree, or used as an aid to a golfer who fades or 
slices the oa'i Th * effect ■« "relatively small for upright lofted clubs, e g ; woods and long irons. It can 



become more pro~oun;ed .n higher lofted clubs, but since these are already have more upright lies, this 
design concept cr Jd sri" t>e applied with progressively smaller increases in lie angle. 

The vai'je of th;s t:~s;g" concept is to make it possible for longer lighter clubs to be more forgiving if hit off 
the sweet spot Tr.e design a, II tend to keep the locus of impact points of the ball more on the sweetspot 
of the face and heo to keep the ball in play. Of course, if the ball is struck in the center of the face on the 
sweet spot it doe> not matter what the configuration is. But even Hogan only hit 3 or 4 perfect shots per 
round 



Ear! D Grim 
February 1993 

First cut claims to' originality 

1 This teaches a new approach to the integrated design of a golf club. 

2 This approach f or an integrated design of a golf club head is based upon the observation of the 
dispersion of impa-:? ocmts on the face of my personal set of clubs, and on the data obtained from the 
Fefcr.ja-y * 998 is*, .e o- fiolsm.th Clubmaker magazine. These data showed that the dispersion of the 
iccls c* pc r:s o* ■* e ;er'e':^e cf the ball impact ellipse is perpendicular to the club shaft. 

3 On tnis oasis r ^ t:e$i.jr.ei will first design the golf club head with a weight distribution that is low in 
the nee. and high .: ' tne -oe of this head The locus of the centerline of the impact ellipse is postulated to 
be from tr e low ht~ pubiSon to the high toe position, passing through the sweet spot impact area. 

4 men tr.e hose =e a \2\e will be defined such that the shaft centerline is perpendicular to the centerline 
of the 'mpact ellipse de'ned above 

5 Th:s des:gr, a:v la:'"- -v.:i result in an upright lie angle for most woods and long irons. 

6 However :r.»s ^ ■ -r t j ; -ot'em for any golfer that uses the club, no matter what his/her height and 
stance r o the oa ; 

7 Tr.rs 's j je tot c- fa..» r.jt no matter how the golfer addresses the ball, the locus of the impact ellipse 
is fuec ana rema • s perpendicular to the shaft and on the face of the club. 

3 1 his vvi'i :mprr;\- :r.e pc^nrmarice of the club and the golfer for the inevitable shots he/she hits off the 
S'-veet soot 

9 improvement 15 prorated to be optimum in the longer irons and woods. 

1 C Le-ytr ;r^'ea-r-s enter club designs are automatically compensated for by the concepts 
descnLea ,r - ? ■* e 

11 Tr. js :ne dot. jut^mj: .caiiy compensates for any he angle variations due to the physical 
configuration of tr> goife' a r d eliminates the need for any adjustments to be made to the club in a fitting 
process 



Analysis of tt» effects of shaft length increases on the impact point 

I first saw the phenomena that led me to this analysis and conclusion in the face of an oversized titanium 
dnyer that I had been using earlier this year. I saw a wear pattern that clearly showed me that the impact 
point on the club face was moving on a path that was perpendicular to the club shaft. This has not been 
. seen by any of the club designers, and was clearly a significant observation. This was further verified 
when I got the Golfsmith clubmaker's magazine with the results of a test of the effect of shaft length on 
the impact point for the golf ball. My analysis and the conclusions I have reached are described below. 

To try to define analytically what is occurring, I analyzed the deviation angle and the offset point motion 
for various shaft lengths. My assumption here is that any golfer's hands remain at the same height for 
any shaft length, since he has a fixed height and arm length. Since the golfer takes essentially the same 
stance each time, his hands remain at the same height. This in turn keeps the butt height of the club 
shaft at the same height for any length shaft. 

This then forces the clubhead to be placed further from the golfer as the shaft length increases, and sets 
the club down with a flatter lie. This is shown in the following graph to be about 1.5 to 1.25 degrees flatter 
lie for each inch of added shaft length. 

If the golfer has been comfortable with the lie of a shorter club, his hands will tend to return to that 
comfortable lie angle with the longer club shaft. This will force a rotation of the shaft downward so that 
the more comfortable upright lie the golfer is used to is achieved. The angle change is so small that the 
golfer cannot perceive it. However, the net result of this rotation is to move the shaft and clubface down 
and in closer to the golfer. A graphic of this effect is shown on the following page. This causes the 
impact point of the ball to go out and higher on the face. This effect was measured and deviation angles 
and impact points plotted for shaft lengths varying from 43 to 47 inches in the data shown in the 
diagrams following. The offset distance perpendicular to the shaft associated with the angle change is 
shown to be about 1.2 inches for each inch change in shaft length. This can cause the impact point to 
move above the top of the face in some cases as shown in the following diagrams. 



Plots of lie angle change and 
impact point movement as a function of shaft length 




43 44 45 46 4 47 

shaft length - Inches 



In the plots on the following pages, the 43 inch driver shows an excellent dispersion, with all impacts 
being centered slightly above the clubface center. In the other plots, the motion of the clubface down and 
in is clearly shown, with an ellipse around the dispersion, and a locus of points drawn through the center 
line of the ellipse. This locus is perpendicular to the shaft in all cases. This demonstrates the analysis 
described above. Plots for 43, 44 and 45 inch shaft lengths are shown on the following pages. 



tuecxs or cnanges in ne angle or, r.Vip«vi p V n,v 



Horizontal movement - snan lengm *G*3ir^;;: cn^ii,; 
vertical movement = shaft !ength*a*cos(lie angle) 

angle a is in radians -for driver, if a is 1.3 degrees, 
shaft length'a is equal to 1 inch, and if lie is 55 deg. 
original shaft horizontal movement is .8 inch, 
position verticalmovement is .59 inch 




shaft position \^ 
at impact 



shaft Iength*a ' 



horizom.nl movement 



43 Inch Driver 



The dispersion for the 43 inch shaft is shown to be excellent, with the center of the ellipse being slightly 
above the center of the face. The golfer is a low handicapper, and is clearly comfortable with this club 
length. The lie angle is plotted at 55 degrees, which is a mean value for drivers. 



44 Inch Driver 



T t h !L? " if i Se here shows that some of the im P acts m °ved off the top of the clubface. The motion of the 
ciubnead is perpendicular to the shaft and carries the head down and in towards the golfer, moving the 
impact point out and up on the face 



45 Inch Driver 



™f 5! aCt P ??} S here are more dis P ersed and show more tendency to move off the top of the head 
tetnS5!1.^.i e "I 0 !?" Pf ^Pendicular to the shaft is consistent with the results at 44 inches. The same 
is true for the 46 and 47 inch shaft lengths, with dispersions getting larger. 

£h/2S aCh t0 [T!!? 6 more consistent bal1 striking for the longer clubs is shown in the attached pages 
JJ *'"?. ,e * anabl ? wi » nave maximum beneficial effect if changed is the lie angle of the driver If 

his is raised about 10 degrees, then the perpendicular locus from the shaft will be moved down towards 
n^fr !, C k1 J" 6, ralher than movin9 off the ,0 P of tne club as seen in the above clubs. Thus when the 
£ I to °° me d0wn and in toward the 90lfer - tne im P ad P° int wil1 mov e out on the center of 

IK ?" ° ff the t0f> 0f the face - This wi " take ad vantage of the peripheral weightings of the 
new anvers. and maximize the chances of getting a good shot, even with an off center hit. 

m a H« y K°! n i here l l ,hat if the ba " is struck in the cen,er of the ^ce on the sweet spot, it does not 

Huh fc ™ ,K COfl f I"/ 3 " 0 " iS H0wever ' if the ba " is stmck off ,ne sweet spot, and the length of the 
club is moving the clubface in and down, then the effect of the offset hit is minimized by a driver with a 
more upngnt lie. 
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Approach to Improve Performance of Longer Lighter Golf Club Woods 

The new technology advances in head design and especially in shaft design have made possible the 
fabrication of longer lighter clubs, especially in the woods. This has been used to market clubs that are 
claimed to hit the ball further and be easier to use because of their lighter weight 

I have found information and also experienced that this is not universally the case. In general, the 
lengthening of the shafts of the club have made it harder to hit the ball consistently in the center of the 
face, and therefore has decreased the distance achievable with these new clubs, rather than improving 
these characteristics. 

In order to enhance the possibilities for improvement in performance due to the technology advances, and 
minimize the effects of mis-hitting the ball with these new longer clubs, I have created a new approach 
concept. This is concerned with the design of the club, and the generation of a modified design approach, 
based on the observations that I have analyzed. 

The data taken at Golfsmith on the variation of impact point of the ball on the club face as a function of 
shaft length shows a consistent and predictable pattern. It is a pattern that I have also seen in my own 
driver and iron faces, which I have fabricated to be longer and lighter than standard clubs. This pattern 
can be bounded by an ellipse, with the elongated axis being perpendicular to the centerline of the shaft of 
the club. This is a consistent effect, seen in the Golfsmith data, and in my own clubs. The impact point 
moves away from the shaft, and perpendicular to it. With the standard lie angles for the woods, as the 
club shaft length increases the centerline of the impact ellipse moves off the top of the club face, leading 
to fat, skyed shots. 

Since the standard lie angle for golf clubs has been established from experience, it is observed in the 
designs of the major club makers. This angle is the angle subtended by a line drawn down the centerline 
of the shaft, and a horizontal line which is tangent to the sole of the club at the contact point that rests on 
the ground at address. The standard lie for a driver is 54 degrees. However, it is shown in the following 
diagrams that this lie angle combined with even standard length woods does not fit the general 
population. For the majority of the population the butt height of the club lies in the range of 30 to 33 
inches. For shorter players and women it can go as low as 28 or 29 inches. The plots show what the: actual 
lie angles will be for driver lengths of 42 to 46 inches for these golfers when they address the ball. This 
range is from 40 to about 50 degrees. This is compared to the lie angles provided by the manufacturers, 
which range from 54 to 57 degrees. The question of why the manufacturers have maintained this mis- 
match between what is required and what is provided in wood lie angles will be discussed further below. 

Another plot is of interest in this analysis. This is the plot shown below of the butt height of irons with 
standard lengths and lies. These butt heights fall in the range of 31.5 to 32.5 inches, which match well 
the general population. So the match of the lie angles in the irons to the general population is excellent, 
but is completely out of range in the wood clubs. Why?? 

My opinion on this is that it was found that any design for a wood with a lower lie angle did not perform 
well, and was abandoned by the manufacturers. The fact that performance would be degraded is borne 
out by my analysis of the movement of the impact ellipse off the face of the club perpendicular to the 
centerline of the shaft for mis-hit shots. This effect would become worse as the lie angle was decreased. 

I will show below that the way to optimize the performance of wood clubs, especially the new longer 
lighter clubs, is to increase rather than decrease the lie angle of the design, to a value greater than the 
standard lie. 

I have observed that most of the golfers, and especially the woman golfers, address the ball with the 
driver in a toe-up position. This is the direct result of the standard lie angle being too large for their hand 
position. In order to provide the best fit to the spectrum of golfer hand heights that occur, the newest 



wood club designs have gone to a radiuscd sole, so that changes in the hand height of the golfer can be 
compensated at address by rotation of the club shaft either up for taller golfers, or down for shorter 
golfers. This has been done by the club manufacturers rather than build woods with the lie angles that 
would set the club head down horizontally to the ball. Either from experience or from adherence to 
standards, the lie angles for the driver has been preserved at 54 degrees, and with most recent designs, 
have gone up as high as 57 or 58 degrees for the new longer lighter clubs. 



Driver lie angle as a function of butt height and shaft length 



58 , ..... 




29 30 31 32 33 34 35 

shaft butt height - inches 



Butt height for Standard Irons 



1 

at 
1 



34 

335 

33 
325 

32 
31.5 

31 
30.5 4- 

30 



• Butt height 



CD ^ 



Iron 



S 



The preceding analysis provides the groundwork for the approach to a new set of design concepts for the 
new longer lighter wood clubs. The preservation of wood lie angles which are higher than the general 
population requires shows that higher lie angles are what are required to optimize performance of the 
wood clubs. Measurements of the effects of increases in club shaft length have shown that the longer the 
club, the greater the tendency to mis-hit the ball. These mis-hits occur in an ellipse whose centerline is 
perpendicular to the centerline of the club shaft. As long as the lie angle of the shaft is fixed at, say 54 
degrees, then as the length of the club is increased to take advantage of the new technology, there will be 
a tendency for the impact point of the ball to move perpendicular to the shaft, and up off the face. 

To solve this problem, the following approach is proposed. Abandon the classic standard lie angle, 
(which has been shown to be incorrect for woods in any event), and design the wood club with a shaft lie 
angle such that a line perpendicular to the shaft centerline passes through the center of the face, at the 
sweet spot This perpendicular will extend near the point of intersection of the shaft with the heel of the 
sole, and then near the top of the face at the toe line. Thus, the club head should be designed so that the 
peripheral weighting is concentrated in the sole heel area and at the toe at the top of the face. This will 
provide the best peripheral weighting, based on the fact that the mis-hits will occur in the ellipse with a 
centerline along the line perpendicular to the shaft, not with an impact ellipse with a horizontal 
centerline. 

For a driver with a standard lie of 54 degrees, the centerline of this distribution is about 36 degrees above 
the horizontal, and can move off the top of the face as described above. This will result in the impact 
ellipse moving up off the face of the driver as the driver length is increased. The reason for this can be 
seen in the following diagrams. The optimum address position for the golfer's arms is to position the 
arms as close to vertical as possible, which minimizes any arm motion towards or away from the golfer's 
body. The club then sets up with the angles shown in the diagram for a golfer with the average club butt 
height of 32 inches. It is easier for the golfer to hold the hand and wrist angle for the wedge than it is for 
the driver, since centrifugal force will tend to pull the shaft and head down towards the vertical. As the 
driver length increases, this effect becomes even more pronounced, as shown in the Golfsmith data. In 
order to minimize the mis-hits, the lie angle of the driver should be increased. This lie angle is optimized 
when the perpendicular to the shaft centerline passes through the sweet spot on the face of the driver, 
forcing the impact ellipse to stay as much as possible on the face. This lie angle depends on the design of 
the driver club head, which should be optimized by a radiused sole, and a head weighting that is low in 
the heel and high in the toe of the club head. Estimates for this optimum lie angle are in the range of 62 
to 68 degrees, which will result in the perpendicular to the shaft to be 22 to 28 degrees above the 
horizontal. If the impact ellipse has a horizontal dimension of 3 inches, this would correspond to a 
vertical dimension of about 1 to 1.3 inches. This would keep the majority of the area of the impact ellipse 
on the face of an oversized driver, which would be about 3.5 inches long, and about 2 inches deep. 



This photograph, circa 1930. shows Jim Reynolds, the long driving champion at that time, in the GE 
laboratory where his swing is being analyzed. The points to note are the vertical position of his arms, and 
the lie angle that he has set up with his driver. The orange vertical line is closely the same length as the 
orange horizontal line. This indicates that the lie angle he has established is 45 degrees. His strong 
Vardon overlapping grip locks the club into its position behind the ball, and must be held throughout the 
suing to assure good ball contact. The driver head is in a toe-up position at address, due to the fact that 
Rc\ nold's 45 degree lie angle at address is lower than the 54 degree lie built into the driver. So even 
nearly seventy years ago, the same situation with wood lies occurred as it does at the present time. If his 
hand and wrist position were pulled down by centrifugal force during the swing, the result would be a 
counterclockwise rotation of the shaft and head, and the movement of the impact point of the ball ofTthe 
top of the club head. The vertical position of his arms minimizes any linear movement towards or away 
from his body. The major movement that would cause a mis-hit is a rotation of his hands and wrist. This 
graphically illustrates the analysis discussed above. 




The following photograph of a skilled golfer further illustrated these concepts. 
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Tlir hur iitipriiilicular lo the clulnliafl center hut ,how> ihe en or path ol'tht club head. This palh has been observ ed in face 



wear panem* and h> experiment* The a ecu circle i> the ball position, which doe* not chance 



Th* tlul. <et up to Hie ball normally. >ho"i> by the clubpoO-ition on the riihi. Tlie assumption i* made here that the uood 

Itas a WMtecUfiwrlitor 56 decree,, and the colter i, average %vith a cluh bun heicht ot J: iuche>. Two ihaft lencdu: 44 and 4? inches are alio ihow*. 



Willi Hit 44 inch *haft. the club comes throudi down and in on the en or palh perpendicular to the shaft cenlerlme: n>ovin« 



th« ball imp tci up on the lac*, producing a -hot that i- tat. 



Wuli .i 4« inch -haft, the head mo%e> more down and in on a path perpendicular to the >hai1 centerline movint 
the impact irtiiVotFrtiTiop oi thr inc. The I I and 4? inch club head portion* are ihoun to the Itn of the original portion. Od the 4 J inch clubh«d 
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A* heluie. the club i» »et up lo the hall normally The wood here i> designed *0 thai the cenierline of the club sweettpot 

ellipse i« perpendicular to fht -haii center hue. Thi> i* independent of hand hei*hi and will be true for any golfer. Two shaft* lengths: 44 and 4« inches 
will l»e shown 



^ Wiih Hit 44 mcli -sliart. the club conies rtirou di down and m on ihe error path perpendicular 

to the >hait c midline: however, with th\> de*un. the ball impact slayi on the face, improving the quaJiry of the shot. 



_____ _ Willi .i 45 inch >h:iri\ the head >till mo\e» more down and in on a path perpendicular 

to the jliart *. viirer hue: but tht itnp;icl point -nil stays on ihe hinins area of the face 



"Iln- iu v\ club <le»ipi concept will improve the quality of ihe came for all handicap levels. 

ami will m.iKb (lie new li/n_:ct clu»«« iu nil culler* tall or -hort. larce or Miiall . 
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Thi- *hde «howf ionic conceptual cross actions for !ht neu club head desiat The xveichtiru i* touwfa the toe. and the 
l.o-el he DiTJle is .»ei up to keep ll.r <nor ell»„<e centerlm. aliened with the *veet spot of the club head This design will improve the quality of the game 
for ail handicap l*vtl«. awl will iii.ticIi iht nru longer clubs to all golfer? tall or »hort. large or small.. 
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_Tlii> ilt.icraiii i» included lor reference and shows the head moiion resullmc from ancle chances in ihe hand position, ie.. 
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